Changes of denervation in the anal sphincter striated and smooth muscle in patients with neurogenic faecal incontinence are well established. This study aimed to determine if there is also a more proximal visceral autonomic abnormality. Thirty women with purely neurogenic faecal incontinence (prolonged pudendal nerve latencies and an intact sphincter ring) and 12 patients with neuropathic changes together with an anatomical disruption were studied. Two control groups consisted of 18 healthy volunteer women and 17 women with normal innervation but an anatomically disrupted sphincter. Rectal sensation was assessed using balloon distension and electrical mucosal stimulation, and anal sensation by electrical stimulation. Rectal compliance was studied to determine whether sensory changes were primary or caused by altered rectal wall viscoelastic properties. Anal canal pressure changes in response to both rectal distension and rectal electrical stimulation were measured to assess the intrinsic innervation of the internal anal sphincter. Patients with neurogenic incontinence alone had impaired rectal sensation to distension (53.1 v 31*5 ml, p<O0O5, neurogenic v controls) and to electrical stimulation (24-4 v 14-8 mA, p<O.005). Patients with neurogenic incontinence and sphincter disruption also showed impaired sensation compared with healthy controls (55-8 ml v 31*5 ml, p<O0O5 and 22-9 mA v 14*8 mA, p<O0O5). Patients with only a disrupted sphincter had normal visceral sensation to both types of testing. Both rectal compliance and the response of the internal anal sphincter to rectal distension and electrical stimulation were normal in all patient groups. This study suggests that there is a visceral sensory abnormality in patients with neurogenic incontinence which is not caused by altered rectal compliance. As evaluated in this study the intrinsic innervation of the internal anal sphincter is not affected in this process. (Gut 1993; 34: 
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These investigations enabled separation of the incontinent patients into three groups as follows:
(a) Those with neurogenic incontinence but an anatomically intact sphincter mechanism (n= 30, mean age (range) 52 years ). All of these patients (neurogenic) had decreased anal pressures, prolonged pudendal nerve terminal motor latencies (>2 2 ms), increased single fibre density of the external anal sphincter (> 1-6), but an intact external anal sphincter on concentric needle mapping and anal endosonography.
(b) Those with normal innervation but a disrupted external anal sphincter (n= 17, mean age (range) 44 years ). These patients (EAS defect) had decreased anal pressures, normal pudendal latencies, and normal single fibre density, but electromyographic (EMG) and endosonographic evidence of a disrupted sphincter.
(c) Those with evidence of both neurogenic damage to the striated muscles and a disrupted sphincter (n= 12, mean age (range) 54 years ). This group of patients (dual pathology) had low pressures, prolonged pudendal nerve latencies, raised single fibre density, and concentric EMG and endosonographic evidence of an external anal sphincter defect.
The patients' obstetric and urogynaecological details are presented in Table I . Time (min) Figure 1 : Rectal and anal canal pressures during rectal distension at a rate of50 ml per minute.
HEALTHY CONTROLS
Eighteen healthy volunteer women (mean age 37 years, range 24-61) were studied: none had a history of constipation or incontinence. Anal pressures and pudendal nerve latency measurements were performed and all were within the normal range.
The study was approved by the ethics committee ofthe City and Hackney Health Authority and all subjects gave informed consent.
Methods
The following tests were carried out in patients and control subjects:
A lubricated rubber balloon was placed in the rectum approximately 4 cm above the anal canal then inflated and deflated to 'seat' it properly in the rectum. The balloon was then distended with air and the patient asked to report the initial sensation (sensory threshold), the sensation of urgency, and the maximum tolerable volume. 9
RECTAL SENSATION TO ELECTRICAL STIMULATION
Rectal mucosal stimulation was assessed using the technique previously described.20 The electrode was positioned in the rectum 10 cm from the anal verge and a stimulus of 10 Hz and 500 ,u seconds used with a gradually increasing current until the subject was able to perceive the stimulus. The stimulus was usually described by the patient as a throbbing or filling sensation. The (Fig 1) .
During rectal distension, from 0 to the maximum tolerable volume, both the intrarectal balloon volume and pressure were noted at 50 ml intervals. They were also noted at the volumes which produced a sensation of urgency and maximum tolerable volume. The compliance (dV/dP) between 100 ml and the maximum tolerable volume was calculated by dividing the change in balloon volume by the corresponding change in pressure. There was a significant difference between controls and those with neurogenic incontinence and dual pathology.
Results

RECTAL SENSATION TO DISTENSION
The mean sensory threshold volume in those with neurogenic incontinence alone and those with dual pathology was significantly higher than in controls (Fig 3) . Patients with an anatomically disrupted sphincter but normal innervation did not differ from normal. If the data of patients with an anatomically defective sphincter are combined with those of patients with neurogenic incontinence then there is no significant difference from controls, highlighting the importance of clear patient definition.
Patients with neurogenic incontinence, but not those with an anatomically defective sphincter without neuropathy, required a significantly greater volume to elicit a sensation of urgency than healthy controls.
There was no significant difference between the three patient groups and normals in the mean maximum tolerable volume (Table II) . 100-MTV dV/dP (ml/cm (1-3) 4-6 (0 5)
Hef)
There was no significant differences between the two groups.
RECTAL SENSATION TO ELECTRICAL STIMULATION
The rectal mucosal electrical sensory threshold was also abnormal in both groups with incontinence in the presence of a neuropathy. Those with a sphincter defect alone did not have abnormal rectal sensation (Fig 4) .
ANAL SENSATION TO ELECTRICAL SENSATION
The mid-anal canal sensation was abnormal in those patients with neurogenic incontinence (Table II) . (Tables III and IV) . However, even within the control group a wide intersubject variation was observed. For example, the pressures recorded after 200 ml of water had been infused into the rectal balloon ranged from 8 to 50 cm H2O.
Rectal distension induced anal relaxation The mean rectal volume and pressure required to produce the initial relaxation of the anal sphincter were also similar in controls and all groups of incontinent patients (Table V) . In both controls and patients the rectal pressure required to induce sphincter relaxation was very low. In six controls the rectal pressure had not perceptibly changed from the baseline when initial sphincter relaxation occurred.
Rectal compliance and temperature In the eight controls in whom rectal compliance was performed at two temperatures there was no Rectal balloon volume (ml) Figure 5 : Rectal compliance at different temperatures in eight control subjects.
significant difference in the pressures at given volumes or the maximum tolerable volume in the two studies (Fig 5) .
ELECTRICAL STIMULATION INDUCED ANAL RELAXATION
The threshold for sphincter relaxation was below the threshold for conscious perception of the stimulus in all control cases. In three patients with neurogenic incontinence and two with normal innervation but sphincter defects there was no anal sphincter response to electrical stimulation. This was not caused by failure of contact between the electrode and the rectal wall -the constant current stimulator indicates when the current is not being delivered. These five patients had low resting anal pressures which probably accounted for the lack of an observed fall in pressure.
The mean stimulus required to produce an initial relaxation was not significantly different in the groups examined (Table VI) . The stimulus required for maximum relaxation was also not different from controls.
Discussion
Female patients with faecal incontinence are not a homogeneous group in terms of pathogenesis. During childbirth some patients sustain a disruption of the sphincter complex, in the absence of an obvious tear, which may not be apparent at the time of delivery. This is surprisingly common, occurring in more than 30% of primiparous deliveries. 25 Other patients sustain nerve damage to the pudendal nerve which leads to progressive denervation and incontinence later in life. Some patients sustain both these injuries leading to a mixed picture. In those with a purely mechanical disruption but intact pelvic floor neurological function one might expect the hind gut innervation, as assessed by sensory tests, to be normal. Indeed this study has shown that patients with a sphincter defect alone have normal rectal sensation, those with a pudendal neuropathy or mixed aetiology have impaired Our studies show a disturbance of visceral sensation to both balloon distension and electrical mucosal stimulation in patients with neurogenic incontinence. Women with incontinence because of a sphincter tear but normal innervation had reduced anal pressures but normal visceral sensation.
Our control group was younger than that with neurogenic faecal incontinence alone (Table 1) . However the patients with a sphincter disruption without neuropathy also acted as a separate disease control group, and there was no significant difference in age between this group and that with a neuropathy alone. Furthermore, Allen et al found no change in the threshold for balloon distension with age. 9 We therefore feel that the observed abnormality of rectal sensation in these patients is a true finding. Similarly, the observed normal compliance in our incontinent patients is likely to be a true finding, as previous studies have shown either no change26 or a decrease in compliance with age.27 28 A raised threshold for electrical stimulation in patients with neurogenic incontinence indicates a true sensory abnormality rather than a larger rectum in these subjects. The normal response of the internal anal sphincter to two distinct types of rectal stimulation, that is rectal electrical stimulation and distension, in patients with incontinence suggests that the intrinsic innervation is normal. In contrast, using balloon distension as a stimulus, Read et al found that the volume required to produce the rectoanal inhibitory reflex by balloon distension was lower in incontinent subjects.' However, in a separate study5 the same group found that 10% of patients with idiopathic faecal incontinence had abnormal rectal sensation together with normal distension volumes required to elicit anal relaxation -a finding similar to our own. The fact that a number of patients with low resting pressures had no response to electrical stimulation suggests that these patients either had a more severe abnormality affecting the internal anal sphincter or that for some reason they have an abnormality of their intrinsic innervation. Sun et al also described a subgroup of incontinent patients with noticeably abnormal function ofthe internal anal sphincter in whom there was no detectable relaxation in response to rectal distension.'0 In summary, the passive viscoelastic properties of the rectal wall are normal in neurogenic incontinence. Our findings ofaltered sensation to distension and electrical stimulation therefore suggest a probable primary visceral neurological deficit. The intrinsic innervation of the internal anal sphincter, as assessed by the response to rectal distension and electrical stimulation, is normal. We therefore feel that the abnormality in hindgut visceral neurological function is more likely to involve the extrinsic nerve supply, than the intrinsic nerves.
In neurogenic faecal incontinence, extrinsic denervation affects more than just the sphincter mechanism -afferent pathways from the rectum, at least, also seem to be affected. 
